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Conclusions
We have established an experimental framework
to relate the volume fraction of hydroxyapatite to
the elastic modulus of the cortical bone.
Objective
Compare the mineral content and elastic moduli in
femora and tibiae of Lewis rats by using imaging
techniques and mechanical testing
Introduction
It is common for patients with type 1 diabetes to
have marked reductions in body strength and
ability to perform physical activities. These
markers for physical strength are also known to
change with age.
Type 1 diabetes is correlated with fatigue but is
not known to be related to changes in the cortical
bone. In this study, we hypothesize that type 1
diabetes causes a reduction in the concentration
of hydroxyapatite (HA) and in the elastic modulus
of the cortical bone. Moreover, we predict that
adult-aged bones will exhibit greater
hydroxyapatite concentrations and elastic moduli
than younger bones.
Methods
Lewis rats were euthanized, and bone specimens
were removed. The rats consisted of an adult-
aged group (15 months old), a young group
(2 months old), and a diabetic group (3 months
old). To compare the desired parameters among
these specimens, we must:
• Remove and isolate both the tibia & femur from
each rat
• Image bones with micro-CT scanner
• Calculate the hydroxyapatite concentration of
the diaphysis of each bone based on a
relationship between radiodensity and mineral
content, which is determined based on imaging
phantoms of known mineral content
• Use ImageJ to determine the second moment
of area of each diaphysis
• Perform mechanical bending test on the right
leg tibia and femur from each rat to derive
elastic modulus
• Perform reference point indentation test on the
left leg tibia and femur from each rat to quantify
stiffness
Results
A third-degree polynomial, where radiodensity (in
Hounsfield units) is a function of hydroxyapatite
concentration, exhibits the best-fitting relationship
between the two variables.
The average mineral content in the femora is
greater in the diabetic rat group than in the young
rat group. The opposite is true for the tibiae.
The average elastic modulus in the femora of the 
adult-aged rats is 11.7 GPa. This is about 1.75x 
the average elastic modulus in the femora of the 
young rats, which is 6.7 GPa. This result signifies 
that the adult-aged bones are stiffer and more rigid 
than the younger bones. Measurements gathered 
from reference point indentation testing agree with 
this result.
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3D reconstruction of a scanned tibia
Above: The cortical bone 
(blue) is the outermost 
layer of bone with the 
highest radiodensity
Right: The diaphysis 
(highlighted in blue) is the 
region of interest, as it is 
the portion of the bone 
active in bending
Future Work
• Acquire bending test and reference point
indentation data from remaining tibiae
• Validate hydroxyapatite concentration data with
ash analysis
• Repeat procedures with diabetic rats that are
the same age as the young rats and the adult-
aged rats
• Perform experiment on a larger sample of rats
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A positive correlation exists between the
hydroxyapatite concentration and elastic modulus
in the femora of the right leg, but the relationship is
not strong (r = 0.68).
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Above left: Siemens Inveon micro-CT scanner
Above right: MTS Insight bending apparatus
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